INTRODUCTION
The history of Vietnamese banking system started with the establishment of the State bank of Vietnam in 1951. From 1951 to 1990, the State bank of Vietnam performed a mixed function of a central bank and a commercial bank. As a result of launching an economic reform from the Government to transfer the planned economy to market oriented economy, the banking system had been separated into a state bank, entity that works a central bank and several commercial banks which receive deposits and make loans to businesses and individuals. Thank to this important step, the number of commercial banks increases dramatically from 4 banks in 1990 to the peak of 51 in 1997. The number of foreign bank branches also increases with the further level of international integration of local economy.
Understood by the Vietnamese government, in the transformation stage of the economy, the performance of banking system plays a very important role in creating sustainable economic development. Therefore, during 15 years from 2000 to 2015, in order to strengthen the banking sector in Vietnam, the Vietnamese government had implemented three different banking restructuring programs: 1) after Asian financial crisis (1998) (1999) (2000) (2001) (2002) (2003) ; 2) after joining WTO (2005 WTO ( -2008 ); 3) during economy restructuring program (2011) (2012) (2013) (2014) (2015) .
Among those programs, the third program is highlighted as the Government has taken intensive action plan to restructure Vietnamese commercial banks such as recapitalization, merger and acquisition (M&A), and commercial bank purchase by the state bank. This program is also the first stage in two-stage scheme to improve the transparency, efficiency and competitiveness of the banking system. Therefore, the assessment of business performance of banks in terms of banking efficiency in this first stage is necessary to determine the success of the second stage of 2016-2020.
Over the past decades, empirical studies which relate to assessing bank efficiency with modern approaches such as parametric and non-parametric have been widely implemented in different contexts. The research encompasses a variety of approaches to banking operations, measurement, and analytical techniques, which in turn produce various differing results. The parametric approach tends to focus on the production function or cost function of banks. The estimated function through the regression model can be considered as an optimal function that is used as a standard frontier line (Banker & Maindiratta, 1988) . Although this parametric method can provide information about confidence intervals and standard deviations, the results would have a negative impact on the indexes if the function was incorrect (Berger & Humphrey, 1997) . In addition, this method requires large sample sizes. In contrast, the non-parametric approach uses all data collected from financial institutions to estimate the optimal variation of the whole sample, and then evaluates each organization by comparing the current level with the optimal one. In researches on bank efficiency, Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis (DEA) are applied in parametric and non-parametric approaches, respectively.
Despite the importance of efficiency measurement for banking sector in restructuring programs, an overview of literature shows that there is limited number of studies on this topic in Vietnam. Researches taken to compare efficiency between banks mainly focus on the first and second restructuring programs using non-parametric method -DEA (Lieu & Nguyen, 2012; Stewart et al., 2015) . Because of each measure method has its own advantages and disadvantages, a study that performs the comparison of the results taken from both SFA and DEA approach could provide more reliable results. In addition, in order to support the result's contributions, several factors that affect banking efficiency in Vietnam should be considered.
This paper aims to investigate the banking efficiency in Vietnam during the first step phase in the third restructuring program taken by the Vietnamese government. The specific objectives are: 1) to compute the efficiency scores measured by two methods of parametric (SFA) and non-parametric techniques (DEA);
2) to identify the correlation between efficiency results computed by two different methods; and 3) to discover the effects of factors such as size, ownership, and age on the bank's efficiency.
The analysis results from this paper are expected to benefit not only individual commercial banks but also the Vietnamese government. For a bank, the changes in efficiency scores over the period provide further assessment of its business performance in addition to financial indicators such as ROA or ROE. For the Vietnamese government, the results provide another method to rank commercial banks in order to provide support or special control to weak banks. The Government can also make necessary adjustments to ensure the success of future restructuring program.
LITERATURE REVIEW

Banking efficiency and the choice of inputs and outputs for efficiency frontier
The business performance of banks stemming from the concept of business efficiency has appeared in numerous studies since the 1950s. Despite its long-term implications, the concept of efficiency was only given explicitly in Lovell's (1992) study. According to Lovell (1992) , an organization's business efficiency reflects the relationship between the output and input value in comparison with the minimum input or maximum output value that the organization is able to reach. In other words, this relationship can be measured by comparing the observed output to the maximum output that the organization achieves on a given input, or by comparing the observed input with the minimal input so that a certain amount of output can be achieved.
Among studies on efficiency, Farrel's (1957) study is notable, since he clarified the concept of efficiency. Not only did he identify each type of efficiency, but he also incorporated them into a model. Farrel (1957) introduced an efficient frontier condition in which an organization can maximize its output based on a certain amount of input. As a result, the business performance of an organization includes technical efficiency, distributional efficiency, and economic efficiency.
Technical efficiency is the ability to maximize the output from a certain amount of input or to minimize the input to obtain a certain amount of output. An organization is considered technically inefficient if it fails to produce the largest output from a given amount of input. In other words, the organization is producing at a point outside of the efficient frontier.
For banks, the choices of inputs and outputs to build the efficient frontier are not consistent in relevant empirical researches and they really affect the result of efficiency calculation (Sufian, 2011) . The combinations of input and output in previous papers can be divided into into four different approaches: "production", "intermediation", "profit-oriented", and "value added". Production approach, introduced by Benston (1965) uses deposit as the main input to create loans to the banks. However, this approach ignores investing, a very important activity that can create value to a modern bank (Berger & Humphrey, 1997) . The intermediation approach, in contrast, emphasizes the connection role between borrowers and lenders of banks. Thus, deposits, labor, and physical assets are inputs to produce loans and investments of a bank (Sealey & Lindley, 1977) . This approach had been developed to "value-added" approach in which deposit is considered as an output of the bank because of its ability to create bank value. Profit-oriented approach considers banking business as a process to achieve profit from its expenses (Drake et al., 2006) . Therefore, in order to identify an efficiency frontier, inputs are interest and non-interest expenses, while outputs are interest and non-interest revenues.
Parametric method and nonparametric method in efficiency measurement
Efficiency of banks can be measured by parametric and non-parametric methods. Both methods use input and output vectors to determine the efficient frontier. The basic difference between these two methods is that the non-parametric method does not require a specific equation for the construction of the efficient frontier, while the parametric method requires the determination of a specific function for inputs and outputs to establish the efficient frontier.
The non-parametric method
Research on the non-parametric method mainly uses Data Envelopment Analysis (DEA) which was developed by Charnes et al. (1978) . DEA is used to build the efficient frontier based on the business performance of an organization without requiring a specific equation for the construction of the efficient frontier. An organization is considered to be efficient when it operates within this frontier. The efficient frontier introduced by Charnes et al. (1978) is applied with the assumption of constant return to scale -CRS or variable return to scale -VRS (Banker et al., 1988 ).
Because DEA approach doesn't require the users to identify any function between inputs and outputs, it is applied widely in researches to calcu- 
The parametric method
In addition to studies using the non-parametric methods with DEA, the parametric method is also commonly used in determining the efficiency of banking business. Unlike the non-parametric method, the parametric method requires the determination of a function that expresses the relationship between inputs and outputs associated with the operation of the bank.
Fan and Shaffer (2004) have made a number of contributions to the development of a profit-maximizing function (the kind of efficiency that has not been approached much in traditional studies) as well as comparing the results of a bank's business performance when using different types of functions. The authors argue that the business performance of the bank should be approached in terms of profit efficiency since banks now tend to use high-cost but profitable inputs. By using the parametric method in assessing the bank's profit efficiency, the authors develop a marginal function that shows the relationship between the bank's profit and the input variables in its business process. This function measures the bank's maximum return that can be obtained from inputs and outputs with certain input and output prices. The marginal profit function can be constructed in two ways: the standard marginal profit function and the substituted marginal profit function.
To precisely determine the form of the standard marginal profit function as described above, several types of functions have been proposed and widely used in various studies. Examples include the Cobb-Douglas log-linear model and the translog function, as well as the Fourier function. Among translog functions, the inefficient error is extracted from the random statistical error in the Cobb-Douglas function and is considered a function dependent on the input and output variables in the model.
Despite having the requirement of specific function between inputs and outputs, the advantage of considering the inefficiency effects makes SFA be- 
METHODOLOGY
Data collection method
The author has collected data from 30 Vietnamese joint stock banks for five years from 2011 to 2015. These are state-owned banks and private banks with no foreign commercial banks. Thus, if the banks are classified in terms of ownership, the sample includes banks in the group of joint stock commercial banks and some in the group of state commercial banks. The list of banks in the sample is summarized in Table 1 . The data on the variables in the model is derived from the audited annual financial statements of the banks for five years from 2011 to 2015. The financial statements are collected by the author from Stoxplus joint stock company. The 5-year period is not too long but remains enough to see the development of banks in general and the change of business performance particularly. Therefore, the data collected is cross-sectional, including 150 observations. This scope of study was chosen because this was the period when the Vietnamese banking system implemented Project 254: "Restructuring credit institutions during 2011-2015" in the third restructuring program.
Variables selection method
Because banks are a relatively special business entity, there are a number of different approaches to banking operations when assessing business performance. This study uses an "intermediation" approach to assess the business performance of a bank as it is a popular and consistent approach to a bank's business operation. The business performance of a bank is concretized by technical efficiency and assessment of the relationship between the input and output of the bank.
In the intermediation approach, banks act as intermediaries between lenders and borrowers. As a result, the outputs of banking activity are the total amount of loans and securities investments, while the inputs are deposits, human resources and tangible assets (Sealey et al., 1977) . The input and output variables in the model are calculated from the audited annual financial statements of the bank and summarized by the author (Table 2) .
Table 2. Input and output variables in the model
Variable Detail Input
X1
Fixed assets: the net tangible fixed asset value, which is the cost of fixed assets minus accumulated depreciation
X2
Deposits of customers: total deposits of customers and other credit institutions
X3
Labor: total salary expenditures (equal to total employee salary divided by the total number of employees)
Output
Q1
Loans to customers: the sum of money for individuals and organizations to borrow
Q2
Other assets: total loans to other credit institutions, trading securities, investment securities and long-term investments
Data analysis method
Parametric method (SFA)
The parametric method is a method of assessing the efficiency of banking businesses expressed by technical efficiency coupled with the determination of the efficient frontier. It uses the quantitative approach to identify the relationship between inputs and outputs in the operation of the bank in which the efficient frontier is defined as the achievable limit. In other words, it is the optimal value in the economic activity of an organization. The closer to the frontier an organization works, the more profit it achieves. The organization that operates on the frontier is considered to be the most efficient in comparison with other organizations in a particular industry.
When constructing an efficient frontier, the authors use the Cobb-Douglas linear function to describe the relationship between input and output factors in a bank's operation. 
Non-parametric method (DEA)
The 2-step non-parametric or Data Envelopment Analysis (DEA) method is used in comparison with parametric method. In the first step, bank efficiency scores in each year are calculated using from DEA model (model 2) using DEAP 2.1 software with the same inputs and outputs as in model 1. In the second step, Tobit regression model in which dependent variable is the efficiency score identified from model 2 is applied to identify the impact of SIZE, GOV, AGE on bank's efficiency. Those independent variables are measured below:
• SIZE: assets size of the bank, receives 1 if it is over VND 45,000 bln and 0 otherwise;
• GOV: bank's ownership, receives 1 if it is funded by the government and 0 otherwise;
• AGE: the number of years in business of a bank. These banks range from small to large in scale, but they are not state-owned commercial banks. Some of these banks have been operating for more than 20 years, such as NAB, SEAB, and MSB, whilst others have been operating for less than 10 years, such as VTTB, LVB and TPB. It is noteworthy that these banks have a relatively small debt to equity ratio (D/E), with computational ratios nearly less than 10.
RESEARCH RESULTS OF JOINT STOCK COMMERCIAL BANKS IN VIETNAM
Regarding the change over the years, it can be seen that the business performance of the banks has increased steadily over the years. However, this increase is not too significant, almost all of which is less than 10%. In the first step, model 2 was developed to assess the efficiency of banking business by the method of Data Envelopment Analysis (DEA). The model consists of two output variables and three input variables with the assumption that efficiency changes with scale, that is, the output can be increased or decreased by changing the amount of input. In the second step, Tobit regression model is identified to discover the relationship of bank's size, ownership structure and age and bank's efficiency. As described in Table 5 , the coefficients of all three variables are significant at the level of 5%. A bank's efficiency score is higher as it is owned by the Government. The similar finding is also discovered in the research by Chan and Chiu (2006) on Taiwan banks. However, in a research on Vietnamese banks, Chris et al. (2015) state that private banks, are more efficient than state-owned banks while the asset size has a positive impact on the efficiency of a bank. This result difference is explained by the fact that data collected in two papers is not in the same period. In terms of bank's size, the bigger the bank, the more efficient it is. In terms of age, a bank is more efficient as the number of years in service is higher. Table 6 show that the relationship between the models is statistically significant. However, the calculated correlation coefficient was relatively low at 19.9%. 
CONCLUSION AND RECOMMENDATIONS
The study is conducted to assess the business efficiency of 30 Vietnamese joint stock commercial banks using SFA method (linked to model 1) and DEA (linked to model 2) during 2011-2015. In general, the efficiency of banking business using the "intermediation" approach to banking operations by two methods of calculation is quite high, in which the business performance of banks calculated from the non-parametric method is even higher than that from the parametric method. Because of low correlation, the use of parametric and non-parametric methods for calculating bank efficiency yields relatively varied results for some individual banks. This finding is similar with that of research undertaken by Silva et al. (2017) . This can be explained by the method of constructing different efficient frontiers in the two methods. If the parametric method builds a function between the bank's inputs and outputs, the non-parametric method forms the efficient frontier from the best banks in the sample. Analysis results of 2-stage DEA show a significant relationship between bank's size, ownership and age. A bank is more efficient if it is bigger in size or has longer time in servicing. A bank with state-owned capital also gains higher efficiency score than a bank without public ownership.
In connection to the findings of the previous study conducted by Chris et al. (2015) , the restructuring program from 2011-2015 really benefits Vietnamese banks regarding efficiency improvement. Specifically, merger action between stronger banks and weaker banks can be rated as successful as the efficiency of new banks is getting higher. While it is found that state-owned commercial banks used resources more efficiently than private banks in this research, the recapitalization, an important policy of the Government for restructuring should be pursued to create fair business environment.
The choice of inputs and outputs and the sampling technique may limit the significance of the findings and the relevant recommendations of this study. For future research, the other approach of selecting
